Introduction
Polymers and polymeric composites have steadily gained growing importance in our daily life. Permanent electrical effects in both dielectrics and conductors have been utilized in a wide variety of applications. Among them, poly(vinyl alcohol) (PVA), a hydrophilic, biodegradable and non-toxic synthetic polymer, has been widely used in different areas of research, development and production. These extend from solid state electrochemistry applications (fuel cell, batteries, and electrochromic devices) [1] - [4] to the biological and medical fields. PVOH polymer molecule consists of monomer units, Figure 1 .
Depending on the stereoregularity of OH groups along the backbone chain, it has been identified three distinct polymer configurations, identified as isotactic (i), syndiotactic (s) and atactic (a) [5] [6] . That is, in i-PVOH, all the OH groups lie in the same side of the plane of the extended chain backbone; in s-PVOH, the OH groups regularly alternate from one side of the plane to the other and in a-PVOH, no such specific OH distribution is established. All the three configurations co-exist, but in general, with s-PVA as the prominent phase (as much as 53% -62% content [5] [7] ). It seems that, under favorable conditions, the sequential distribution of OH groups in either side to backbone in s-PVA can be explored to design a regular bridging with water molecule in a layer structure.
The swollen properties of PVOH-based membranes play an important role in their electrical conductivity performance and thermo-mechanical stability [8] . The proton transport properties of a membrane can be improved by enhancing the hydrophilicity of the membrane, since it raises the selectivity of water toward organic [9] and inorganic [10] aqueous solution. For example, PVOH interacts with inorganic salts and acid to form an ionic conductor in a polymer matrix. The membranes remain conducting even at high PVOH content. However, the thermo-mechanical PVOH is highly deteriorated with water content, being its volumetric size change of the membranes, one of its main effects [12] . In other words, the mechanical properties (e.g. Young modulus) and the physicochemical properties (e.g. electrical conductivity) of the PVA-based membranes are both directly linked to the to the presence of water in the polymer matrix, which might be located in water-filled ionic domains as a segregated liquid-like phase.
The addition of ceramic filler into polymer matrix is allowed to reduce the glass transition temperature (Tg) and the crystallinity of the polymer, and also it is allowed to increase the amorphous phases of polymer matrix, then increase the ionic conductivity. There are various ceramic fillers, such as Al 2 O 3 , TiO 2 , SiO 2 [4] [11] [13]- [15] , which have been extensively studied. These experimental results indicated improvements in the ionic conductivity, thermal and mechanical properties as the different ceramic fillers were added into the solid polymer electrolyte (SPE). The enhancement of the ionic conductivity was explained by considering that ceramic particle fillers in the polymer matrix created some defects and free volume at interface between the ceramic particle and the polymer chain.
In this work, we attempted to disperse the nano-sized Nb 2 O 5 particles into the PVA/H 3 PO 2 matrix and study their ionic transport behavior as a function of temperature and electric field frequency to obtain information about the nature and types of molecular dynamics and their relations to chemical composition, molecular structure and morphology. The electrical responses of the membranes are compared with thermal analysis measurements to infer structure-properties relationship in the prepared films that might be relevant to the development of proton exchange membranes (PEMs).
Materials and Methods
Solid polymer blend electrolytes were prepared by solution casting technique to optimize the blend ratio on the basis ofionic conductivity and mechanical stability of the film. PVA (Aldrich granulated, 98% -99% hydrolyzed, average Mw: 85000-146000) was poured in distilled water at 353 K with hypophosphorous acid (H 3 PO 2 ) (aqueous solution at 50% density). The appropriate quantities of PVA and acid were chosen at constant concentration for a common matrix P/OH = 0.25. It was mixed with concentrations of oxide niobium in aqueous solu- tion and stirred for several hours. The PVA/acid was then mixed with chosen weight ratio of Nb 2 O 5 such as 0.02, 0.075, 0.1, and 0.25. The dissolved polymer solution and ceramic powder were mixed together, and the solution was stirred continuously for several hours to obtain homogeneous mixture. The solutions were allowed to evaporate under a dried atmosphere until a solid state was achieved. We obtained smooth, of white color, dry to the touch and thin films of 0.05mm thickness.
The thermal phase behavior of the samples was characterized using a differential scanning calorimetry (DSC Q100) and thermogravimetry (TG 2050) microbalance of TA Instruments. Each sample was scanned at a rate of 10˚C/min, and dry nitrogen was used as purge gas, in a temperature range 30˚C < T < 300˚C. Complex impedance measurement were done in the frequency range 20 Hz to 5 MHz using a WAYNE KERR 6420 analyzer, with amplitude of the voltage 500 mV, measured with electrodes of platinum of 1.45 mm, for temperature range by heating 30˚C -200˚C and cooling 200˚C -30˚C.
The Nyquist plots (Re Z, Im Z) showed a monotonically decreasing linear part in the low frequency limit the polymer/electrodes interfaces. The bulk resistance R of a membrane is obtained from the intercept of this linear part of the Z spectra with the real axis (Re Z). The DC conductivity σ was calculed from 
Results and Discussion

Thermal Analysis
The thermal measurements (DSC and TG) done on the composites with the concentrations prepared showed the decomposition temperature above 225˚C, shown as a huge DSC exothermic peak. Another wide endothermic peak appears at about 150˚C for some concentration. This peak is shifted to higher temperatures when the ceramic filler is increased due to the melting of the crystalline part of the polymer matrix whose proportion with regard to the amorphous part, increases with the addition of ceramics microparticle since the intensity of the pick increases.
For the case x = 0.02 the polymer is mainly amorphous due to not presents this event endothermic, Figure 2 .
The slope negative of the offset, below 150˚C into the membranes with high content of oxide niobium is relatively identical, showed exit of water of the composites is the same rate. This behavior is shown in TG. The TG curves (Figure 3) show that the water content in these samples is released between 50˚C and 125˚C, for x = 0.02, with a total weight loss 12%. On increasing temperature, a relatively slow mass loss rate continues reaching a total weight loss of 44% up to approximately 223.9˚C, where the blend's decomposition takes place.
Water contents in the membranes favor their proton transport [16] and promise a wide range for the composites to operate as PEM at higher temperatures [9] . Although a high water content in the membrane is desirable, in the fuel cell can block reactant access to the catalyst layer, reducing the overall cell performance [17] . 
Electric Analysis
The impedance measurement was analyzed by means of conductivity DC, σ, calculated from the Nyquist plots as described above. The absorption of water of the membranes in general, allowed to reach a conduction of order 10 −3 (Ω·cm) −1 to high temperatures up to 100˚C, for x = 0.1, reaching a conductivity of 1.48 × 10 −3 (Ω·cm) −1 , higher than that for x = 0. 25, which is of 1.0 × 10 −4 (Ω·cm) −1 at 70˚C.
For Table 1 , E a is calculed from the linear fitting to the Arrhenius equation,
In Figure 4 , is showed that for the DC conductivity of x = 0.075 presents higher thermal stability due to linear increase of conductivity up to 2.66 × 10 −3 (Ω·cm) −1 at 120˚C, although in this temperatures of superficial water is evaporated decrement the free ions united to this.
However, when increase the temperature, increase mobility too, since occur a decrease the site for mobiles ion and an increase of mobility for flexibility of polymerics chain. In Figure 4 , the membranes increase rapid the conductivity with content of water [15] [18] , so much internal as external which favor the transport of ions but decrease when liberate the superficial water, being different the behavior of X = 0.075, which retain more concentration of water that the other ones.
In Table 1 , the energy activation correspond a good solid electrolyte in order the tenth of eV, being X = 0.1 the one that presents a value but it lowers of 0.0478 eV, in the wide range of temperature between 30˚C -110˚C. On the average the range thermoactivation the samples are between 30˚C -100˚C.
In Figure 5 , the loss factor increase with frequency and with temperature too, arriving a maxim value for later decrease, since the high value of loss factor is generated by the free charge accumulations into interface between the electrodes and electrolyte [19] , while to high frequencies, the periodic reversal of the electric field occurs so fast that there is no excess ion diffusion in the direction of the field. The polar ionization due to the charge accumulation decreases, leading to a decrease in the value of the dielectric loss. The process relaxation in Figure 6 , is showed, used to max f for the loss factor, correspond to each sample, is possible calculed time of relaxation, max 2π τ ω = , showed in Table 2 . This times, into Table 2 , indicate that exist a transition of mobility of short ions to large reach into the sample, which to more temperature the ions are moved into the composite a more velocity. The best time of relaxation τ is by X = 0.1 and 0.02 of 1.44 μs. 
Conclusions
Solid polymer electrolyte membranes using poly(vinyl alcohol) (PVA), doped with hypophosphorous acid (H 3 PO 2 ) and reinforced with porous niobium oxide (Nb 2 O 5 ) microparticles in different compositions were prepared by the solution-casting technique. The ionic conductivity of the developed films was measured by AC impedance technique. The maximum dc ion is obtained for PVA/H 3 PO 2 molar ratio of P:OH = 0.25 and Nb 2 O 5 /(PVA/H 3 PO 2 ) weight ratio of 0.075, reaching a value of 2.66 × 10 −3 (Ω·cm) −1 at 120˚C, with an activation energy, E a = 0.1863 eV, and relaxation time of 1.74 μs. The thermal stability 238˚C is observed for the film x = 0.075 from TG/DTA analysis.
The additions of oxide particles to the membranes improve their thermal and electrical properties, attributed to an approximation effect. The nanoparticles surrounding the polymeric chains establish bridges that promote a dynamic effect for ion mobility, as well as making room water absorption and retention at higher temperatures due to the refractive properties of niobium oxide. These membranes can potentially be used as PEMs for cells fuel applications due to their high ionic conductivity and good thermal and mechanical stabilities.
